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PREFACE

The NASA VGH program on turbine-powered commercial transports was
initiated a number of years ago with the introduction of these aircraft
in service. Recently a considerable amount of data was evaluated for
three types of turbojet transports and three types of turboprop trans-
ports. The areas covered included: (1) landing-contact conditions,
(2) operating airspeeds, (3) oscillatory aircraft motions, (4) maneuver
and gust accelerations, and (5) unusual flight events. A summary of
these data 1s presented in this report with each operational area being
covered by a separate paper. In the paper on landing-contact conditions,
data obtained from camera messurements on various classes of transports
are used to complement the VGH data.






I. ATMS AND SCOPE OF THE NASA VGH PROGRAM
ON TURBINE-POWERED TRANSPORTS

By Joseph W. Jewel, Jr.
SUMMARY

The aims and scope of the NASA VGH program on turbine-powered air-
craft in commercial operations are discussed. A brief description of
the VGH recorder and its accuracies is given.

ATMS OF VGH PROGRAM

Prior to the introduction of turbine-powered aircraft in commercial
service, a number of concepts regarding the operating speeds and speed
margins relative to the design structural speeds were evolved by industry
and government agencies for application to this class of airplane. Inas-
much as no experience was available from routine operations at the time,
there was some question concerning the applicability of these new con-
cepts. Consequently, the NASA initiated a program to obtain data on the
airspeed operating practices of turbine-powered commercial transport
airplanes during routine operations. NASA VGH recorders (ref. 1) were
used in this program to obtain time-history records of alrspeed, accel-
eration, and altitude. Some of the initial results from this program
are reported in references 2 and 3.

In addition to providing data on the airspeed operating practices,
the VGH records also constitute a valuable source of information per-
taining to a number of other aspects of turbine-powered transport oper-
ations. Some of this information pertaining to random deviations from
cruise altitudes is reported in reference 4. Additional information
relating to landing-contact conditions, gust and maneuver lcads, speed
exceedances, and unusual flight situations has been evaluated for a
number of turbine transports and is presented in the following papers.

SCOPE OF VGH PROGRAM

The VGH program encompassses the collection of data from several
types of turboprop and turbojet transports operating on a number of
domestic and transoceanic routes. These routes were selected to provide



a representative sampling of airline operations in the United States.
In addition, data are belng collected from one foreign airline engaged
in transoceanic operations.

The VGH data currently available have been collected on three types
of turboprop and three types of turbojet airplanes. Some of the basic
characteristics of these airplanes are listed in table I. The airplanes
designated I, II, and III are turbojets, whereas those designated v, V,
and VI are turboprops. Different series of a given type of airplane have
been noted by the designations, A, B, C, and D.

The sizes of the VGH data samples presently available are given in
table IT in terms of the number of airlines represented, the number of
airplanes instrumented, and the number of flight hours recorded by each
of the instrumented aircraft. As a matter of interest, it may be mentioned
that the total available VGH data sample represents about three-fourths
of 1 percent of the total turbine-fleet time.

NASA VGH RECORDER

The NASA VGH recorder (ref. 1) consists of two primary units. The
first unit is the recorder base which houses an airspeed diaphragm, a
static-pressure diaphragm, and a galvanometer element. The second unit
is an accelerometer box which contains a cantilever beam equipped with
strain gages to sense normal accelerations. This box is mounted as near
as possible, usually within 5 feet, to the aircraft center of gravity.

The recorder base is generally mounted in a convenient location, such as
on one of the radio racks, to facilitate the installation and removal of
£i1m drums. Electric motors in the drum drive the film at a rate of about
one-half inch per minute so that a time history of the indicated airspeeds,
the pressure altitude, and the normal accelerations of the instrumented
airplane is recorded.

ACCURACY

The accuracy of the data presented herein depends on three factors:
(1) inherent instrument errors, (2) installation errors, and (3) reading
errors.

Inherent Instrument Errors

The inherent instrument errors and a general discussion of installa-
tion errors are given in reference l. As discussed therein, the airspeed



and altimeter elements in the VOH recorder are subject to a sensitivity
change due to temperature of 1 percent (in pressure) for a temperature
change of 50° F. On the basis of estimates of environmental temperature
extremes to which the recorders were exposed, the maximum inherent errors
in airspeed and altitude are estimated to be within the following:

Turbojet installations:

Indicated airspeed in cruise, knots . . . . e e« s+ e o *1.5
Indicated airspeed at take-off and at landlng, knots e -+ . . . 0.7
Indicated pressure altitude in cruise, ft . . « . « « ¢« . . . . 4225

Turboprop installations:

Indicated airspeed in cruise, knots . . . e s e s . . 10.2
Indicated airspeed at take-off and at landlng, knots e -« « . 0.1
Indicated pressure altitude in cruise, ft . . . . . . . . . . . + 50

The inherent dynamic response characteristics of the acceleration sensor
and galvanometer element are flat to within 1 percent over the frequency
range of 0 to 4.5 cycles per second, which covers the range pertinent to
the present data.

Installation Errors

The recorder installations used to obtain the data met the basic
installation requirements given in reference 1. In general, the acceler-
ation transmitters were installed quite close to the center of gravity of
the airplane, and the airspeed and altitude-pressure lines were connected
to the copilots' system or to an equivalent system having balanced static
ports. Static-source position errors are present in some of the data to
about the same extent as they are present in, say, the copilots' instru-
ments. The errors are not of major importance in the presentation of the
results, however, inasmuch as the data are generally compared with air-
plane handbook or manual values of indicated airspeed and altitude which
also include the effects of static-source position errors. (In deter-
mining the airspeeds at landing, the indicated values of airspeed were
corrected for static-pressure error as is discussed in a subsequent
section.)

Reading Errors

Most of the acceleration, airspeed, and altitude data were read with
the aid of manually operated readout equipment. For the accelerometer
trace the maximum reading error was estimated to be #0.03g. The maximum
reading error of the altitude trace was estimated to vary from about
150 feet at 5,000 feet to *200 feet at 40,000 feet. The maximum reading



error of the airspeed trace varied from about +5 knots at 100 knots to
0.5 knot at 350 knots.

Maximum Overall Error

Based on the foregoing considerations of inherent instrument errors,
installation errors, and reading errors, the estimated maximum total
errors in the measurements are:

Acceleration, g Units « o « « o o + ¢ o e e e e e e e e e et +0.05

Altitude, ft:
At 5,000 FEEL « o « v o 4 4 4 e e e e e e e e s e e +75
At 50,000 feet + v v v e e e e e e e e e e e e e e e e e e +500

Airspeed, knots:
At LOO KNOLS o o o o o o o o o o o o o o o o s o o o o o o =+ +5
At 350 KNOLES + ¢ o o o = o o o o s s e s e e s e e s e e e e +2

The derived results in the subsequent papers are averages of a num-
ber of observations, so that the random errors would be expected largely
to disappear. The overall errors listed in the preceding table are
relatively small and would have only a minor effect on most of the derived
results. In the case of the cumlative-frequency distributions of accel-
erations and gust velocities (papers V and VI), however, the errors in
the evaluation may lead to errors as large as +20 percent in the estimated
number of accelerations or gusts greater than a given value. (See ref. 2.)

The indicated airspeeds at landing contact were read, by using
special equipment, to an accuracy of *0.5 knot at 150 knots. In deter-
mining the calibrated airspeed at landing (paper II) a correction for
static-pressure error of the static-pressure source was applied to the
indicated impact pressure. This static-pressure error was determined
from the difference in indicated pressure altitude at the time of landing
contact and at the time the airplane stopped subsequent to the landing.
On the basis of: (1) the reading accuracy of this pressure difference,
(2) the reading accuracy of indicated airspeed, (3) the temperature effect
on the airspeed diaphragm, (4) the increase in height of the altimeter
above the runway at landing contact due to rotation of the airplane, and
(5) the assumption that, due to runway slope, the point of landing con-
tact may be as much as 30 feet higher or lower than the point at which
the airplane is at rest, the error in calibrated airspeed at landing con-
tact is estimated to be within *3.0 knots (maximum probable error) at
150 knots. If the accuracy in calibrated airspeed and the fact that the
ambient temperature may be as much as 40O or more from standard are con-
sidered, the true airspeed at landing contact would be within *7 knots
(maximum probable error) at 150 knots if the calibrated airspeed is taken
to be the true airspeed.
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TABLE I.- AIRPLANE CHARACTERISTICS

Airplane .
designation Maximum . .
Propulsion | gross weight,| '-o& 2T€%s | Wing span,
. sq ft ft

Type | Series 1b
I A Turbo jet 245,000 2,433 130.8
c,D% Turbojet 311,000 2,892 1ho.k
IT A Turbo jet 273,000 2,771 142k
B Turbojet 276,000 2,71 142,k
c Turbojet 310,000 2,771 k2.4
III A Turbojet 189,500 2,000 120.0
Iv A Turboprop 113,000 1,300 99.0
% A Turboprop 35,700 754 95.2
VI A Turboprop 63,000 963 93.7

ageries C and D differ primarily in having different makes of
engines.




TABLE II.- SIZE OF VGH DATA SAMPLES

Airplane Number Number Flight
designation of airlines of airplanes hours

I-A 2 2 2,511

I-C 2 2 2,164

I-D 1 2 513

IT-A 1 1 135

IT-B 2 3 1,515

II-C 2 3 1,687
ITI-A 1 2 800
IV-A 3 6 5,626

V-A 1 2 1,899
VI-A 1 1 1,838

Total _— 2k 18,688
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TI. LANDING-CONTACT CONDITIONS FOR TURBINE-POWERED AIRCRAFT

By Joseph W. Jewel, Jr., and Joseph W. Stickle

SUMMARY

Landing-contact conditions recently obtained on turbine-powered
transports in commercial operations from special camera measurements and
VGH recorder measurements are reviewed. An analysls is made of various
factors affecting vertical velocity, impact acceleration, and touchdown
speeds. A correlation of vertical velocities of piston-engine, turboprop,
and turbojet transports is presented to show how various parameters (air-
craft weight, wing loading, distance of pilot forward of main landing
gear, mean touchdown speed, and effectiveness of elevator in changing
the flight-path angle) vary with vertical velccity at impact.

INTRODUCTION

Information on landing-contact conditions of turbine-powered trans-
ports in routine commercial operations has recently become available
from two sources: camera measurements and VGH records. The investiga-
tions reported in references 1 and 2 involved the use of a special camera
in photographing landings of one type of turboprop and two types of turbo-
jet transports. The contact conditions determined from the photographs
included vertical velocity, forward speed, rolling velocity, bank angle,
and the distance of the point of touchdown from the runway threshold.
In addition to such information, VGH records have recently been evaluated
for these and three other types of turbine-powered aircraft for forward
speed and center-of-gravity vertical acceleration at landing impact and
center-of-gravity vertical acceleration immediately prior to impact.
The purpose of this report is severalfold:

(1) To review briefly the results of camera measurements of vertical
velocities and forward speeds at landing impact for turbojet
and piston-engine transports

(2) To show the effect on vertical velocities of such factors as
operator, aircraft physical characteristics, and flight-path-
control parameters

(3) To present data on landing-impact accelerations obtained from
VGH records

(%) To show the effect on landing-impact accelerations of other
landing-contact conditions
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SYMBOLS
an increment of normal acceleration, g units
c mean aerodynamic chord, ft
Cy, 1ift coefficient
Cy, lift-curve slope, per deg
o
Cn pitching-moment coefficient (c.g. at 25 percent M.A.C.)
3Cr
Che = , per deg (c.g. at 25 percent M.A.C.)
¢ 05
e
g acceleration due to gravity, 32.2 ft/sec2
h height of pilot's eye level above ground with airplane in
taxi attitude, ft
ky radius of gyration about Y-axis, ft
1 horizontal distance from pilot to main landing gear, 't
m mass of alrplane, slugs
q dynamic pressure, lb/sq ft
S wing area, sq ft
v velocity, ft/sec
Vg stall velocity, ft/sec
vy vertical velocity, ft/sec
ﬁ; mean vertical velocity, ft/sec
Wr, landing gross weight, 1b
a angle of attack, deg

Oe elevator deflection, deg
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n airplane relative-density coefficient, -2
psSc
o) density of air, slugs/cu ft
CAMERA DATA

Vertical Velocities at Impact

As a means of reviewing the vertical-velocity experience of piston-
engine transports, the probability distributions of vertical velocity at
landing impact for individual types of piston-engine airplanes are shown
in figure 1. These data are for nongusty, clear-weather, daytime condi-
tions and were obtained from investigations conducted at the Washington
National Airport (ref. 3) and at the San Francisco International and
Denver Airports (ref. 4). The upper and lower limits of the distributions
in figure 1 are used for subsequent comparisons of the vertical-velocity
experiences of piston- and turbine-powered transports. (In refs. 1 and 2
the vertical-velocity experience of piston-engine transports used for
comparison with the turbine transports was based on combined data obtained
during each investigation of the piston-engine transports. Consequently,
the spread in the results of the piston-engine transports used in the two
references is considerably smaller than the spread between the individual
distributions given in fig. 1.)

The vertical velocities at landing impact for one type of turboprop
and two types of turbojet transports are shown in figure 2 as the prob-
ability of equaling or exceeding a given value of vertical velocity.

For comparison, the crosshatched area shows the range of results for
piston-engine transports. The results for the turbine-powered transports
were taken from references 1 and 2 and those for the piston-engine trans-
ports, from figure 1. The data for both types of airplanes are for non-
gusty, clear-weather, daytime conditions.

The data of figure 2 (as pointed out in ref. 2) show that the ver-
tical velocities at landing impact for the two types of turbojet trans-
ports are appreciably higher than those for the turboprop and the piston-
engine transports. These higher vertical velocities have caused consid-
erable concern in that both the piston-engine and turbine transports are
designed to the same minimum-limit vertical vslocity of 10 ft/sec in
accordance with Civil Air Regulations. (see ref. 5.) The higher ver-
tical velocities for the turbojet airplanes, therefore, tend to reduce
the design margins relative to those for past operations with piston-
engine airplanes. TIn addition, the higher vertical velocities for the
newer airplanes are of concern regarding their possible implications for
future aircraft. Unless the reason for this increase is understood there
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is a possibility that future transport ailrcraft, the supersonic transport
for example, may experience even higher vertical velocities in landing.
In this connection, questions have been raised regarding the effect of
various flight and aircraft parameters on the vertical velocities. An
analysis of the effect of a number of such parameters has been made and
is discussed in the following section.

Effect of Various Factors on Vertical Velocities
of Turbine-Powered Transports

The data obtained in the investigations reported in references 1
and 2 were essentially for three operators of type T turbojet transports
(designated turbojet A, in ref. 2), one operator of type II turbojet
transports (designated turbojet B, in ref. 2), and two operators of
type IV turboprop transports (designated only as turboprop in ref. 2).
The data for each operator are shown in figure 3 for type I turbojet
transports, and in figure 4 for type IV turboprep transports. For com-
parison the corresponding data for piston-engine airplanes (fig. 1) under
nongusty conditions are shown by the crosshatched area in figures 3 and b.
The differences in vertical velocities between some operators were found
to be as large as the differences between turbojet and piston-engine air-
craft. As may be seen in these figures there is an appreciable variation
of the vertical-velocity experience for the various operators, particu-
larly for type I aircraft. (See fig. 3.) One operator of type I air-
craft (the sample represented by 122 landings) experienced vertical
velocities only slightly higher than those for piston-engine aircraft
whereas another operator (106 landings) experienced vertical velocities
significantly greater than those of the piston-engine aircraft. For
type IV turboprop transports (fig. 4) the vertical velocities experienced
by toth operators are generally within the range of results shown for
piston-engine aircraft.

In order to determine whether, for a given type of aircraft, there
is any correlation between sinking speeds at touchdown and several of
the known variable conditions of the landings, plots of sinking speed
against these variables were made and are given in figures 5 to 9. In
figures 5 and 6, sinking speeds are plotted against airspeed at touchdown
in terms of speed in knots and percent above stall speed, respectively.
The data in these figures are separated according to aircraft type (I,
II, and IV). Because of the difference in vertical-velocity experience
of a given type of airplane with different operators as previously dis-
cussed, the data for the two operators of type I airplanes were separated
and are shown in figure 7 as plots of vertical velocity against airspeed
at touchdown in terms of percent above stall airspeed. Sinking speeds
for the three types of aircraft (I, II, and IV) are also plotted against
aircraft landing weight in figure 8 and against distance of touchdown
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point from runway threshold in figure 9. Examination of figures 5 to 9
shows that in no case 1s there any strong correlation between sinking
speed and any of the variables considered.

Correlation of Vertical Velocities of Piston- and
Turbine-Powered Aircraft

As indicated in the preceding sections, the development of larger,
heavier, and faster transports has resulted in higher vertical velocities
in the case of the turbojet airplanes. In considering the possible
causes of these increased sinking speeds there are a number of parameters
related to aircraft size, inertia, and controllability which might affect
the landing-contact conditions. Some of these parameters are: (1) height
of pilot's eyes h above runway with the aircraft in the taxi attitude,
(2) horizontal distance 1 of the pilot from the main landing gear,

(3) the parameter le/CLagq which in effect represents the change in

pilot's height from runway for a change in normal acceleration, (4) the
maximum permissible landing weight Wr, (5) wing loading WL/S based

on maximum permissible landing weight, (6) the mean forward speed at
touchdown, and (7) the parameter V3Cm6 CLa/Mugékyg which is an index
e

of the effectiveness of the elevator in changing the flight-path angle

in a given increment of time. (See ref. 6.) The variation of the ver-
tical velocities with these parameters for a number of piston- and turbine-
powered transports is shown in figures 10 to 16. In each figure the ver-
tical velocities shown are: (1) the mean vertical velocity and (2) the
vertical velocity exceeded, on the average, once in 100 landings. The
data for the plston-engine aircraft were obtained from figure 1 and that
for the turbine transports, from references 1 and 2.

Consideration of figures 10 to 16 shows that the vertical velocity
varies in a fairly consistent manner with each of the parameters except
the height of the pilot's eyes h above the runway. (see fig. 10.)

As shown in figure 10, the parameter h has remained relatively con-
stant (between 13 and 15 feet) for the airplanes considered and thus any
variation of vertical velocity with this parameter would not be detected
in the present analysis. The changes in the other parameters (figs. 11
to 16) have been inherently associated with the trend toward large air-
craft, and, consequently, the significance of the correlations shown is
not easily assessed. Of the several parameters considered, it is thought
that the most significant one is the flight-path-control parameter

VBCmSeCLu/hp2EkY2. As shown in figure 16, the effectiveness of the ele-

vator in changing the flight-path angle for the turbojet 1is about 1/3 of
that for the turboprop and 1/4 to 1/7 of that for the piston-engine air-
craft. This relatively low elevator effectiveness in changing the flight
path is thought to be a principal factor in the higher vertical veloci-
ties for the turbojets.
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Another parameter thought to be of major lmportance, but secondary
to the elevator-effectiveness parameter, in the trend toward higher ver-
tical velocities is the parameter ZWL/CL Sq. (See fig. 12.) The magni-

a

tude of this parameter is indicative of the accuracy with which the pilot
could be expected to execute a flare. This prarameter is related to
changes in pilot's height and normal acceleration as follows:

WL . 1A0 _ ph
CL,52 ACrSa  Aday
WL,

Because of the larger value of the parameter for turbojet transports than
for piston-engine transports, a given change in helght of the pilot during
flare (due to change in angle of attack) would result in a smaller value
of normal acceleration for arresting the vertical velocity. Or, con-
versely, for a given change in normal acceleration the change in height

of the pilot (due to change in angle of attack) during the flare would

be greater and would tend to make the execution of an intended flare for
the turbojet more difficult.

Forward Speed at Touchdown

The forward speed at landing impact for types I and II turbojets,
type IV turboprop, and various piston-engine transports is shown in fig-
ure 17(a) as the probability of equaling or exceeding a given value of
airspeed in percent above stall. The data for the turbine-powered
transports are for three operators of type I aircraft, one operator of
type II aircraft, and two operators of type IV aircraft. The data for
the turbine-powered transports are based on the actual landing weight
and are taken from reference 2, whereas the data for the piston-engine
transports are based on 90 percent of the maximum landing weight and
are taken from references 3 and 4. The stalling speeds used were in
all cases those given in operations manuals for the particular air-
craft. The frequency distributions of figure 17(b) for turbine-powered
and piston-engine transports were based on mean curves for the range of
turbine and piston-engine data of figure l?(a), respectively. The data
of figure 17 show that the touchdown speeds for the three turbine-powered
transports lie within a band of about 5 percent of the stalling speed with
respect to each other and, in comparison with the results for the piston-
engine airplanes, indicate less variation in the landing speeds. 1In this
connection, a detailed study of the data showed that the mean speeds (in
percent above stall speed) were approximately the same for the piston-
and turbine-powered airplanes, but that the standard deviation from the
mean was much less for the turbine transports than for the piston-engine
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airplanes. It appears, therefore, that the touchdown speeds for the tur-
bine transports are more precisely controlled than those for the piston-
engine transports.

Effect of Various Factors on Forward Speed at Touchdown

In order to show the effect of operators on touchdown speeds, prob-
ability curves showing the touchdown speeds in terms of the stalling
speed are presented in figure 18 for two operators of type I aircraft
and in figure 19 for two operators of type IV aircraft. For type I alr-
craft one operator touched down on the average, about 5 percent of the
stall speed lower than the other operator. It may be mentioned that this
is the operator that had an appreciably higher vertical velocity at impact
as discussed in a previous section. (See fig. 3.) For type IV aircraft,
the two operators landed at an airspeed that was approximately the same
percentage above the stalling speed.

The variation of touchdown speed with landing weight and the distance
of the point of touchdown from the runway threshold is shown in figures 20,
21, and 22 for types I, II, and IV turbine-powered transports. The data
of figure 20 show a general variation of airspeed at touchdown with air-
craft weight but at any given weight there 1s an appreciable variation
in airspeed. As may be expected the data of figures 21 and 22 show a
random variation of airspeeds with distance of the touchdown point from
the runway threshold.

VGH DATA

Landing-Impact Accelerations Obtained From VGH Data

The landing-impact accelerations for types I, II, and III turbojet
transports and types IV, V, and VI turboprop transports are shown in fig-
ure 23 as the probability of equaling or exceeding given values of nor-
mal acceleration measured near the center of gravity. The data in fig-
ure 23 for all turbine-powered aircraft except type VI are from two or
more aircraft of the same type. In addition the data for aircraft types I,
II, and IV include two or more operators. Also shown in figure 23 for
comparison are impact accelerations experienced by several different types
of piston-engine transports (indicated by the crosshatched area in the
figure). The VGH data show that except for aircraft type VI, the impact
accelerations have about the same distribution for the various turbine-
powered aircraft and are appreciably higher than those for the piston-
engine transports. The impact accelerations for aircraft type VI fell
within the limits indicated for piston-engine transports.
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Effect of Various Parameters on Impact Accelerations

In order to determine what effect pilot experience had on impact
accelerations encountered, data covering about 2 years of operaticn of one
type of turbojet aircraft by one operator were divided into two periods,
each about a year in duration. The first period covered 400 landings and
the second period, 409 landings. These data are shown in figure 2k,
There appears to be a slight difference in the impact acceleration expe-
rienced in the two periods. Since statistically the impact accelerations
may be related to vertical velocities, these data indicate that the ver-
tical velocities at impact would be about the same for the two periods.
This result is in agreement with those reported in reference 2 wherein
vertical velocities were measured with a camera on one type of turbojet
transport during two different periods 8 months apart.

The effect of operator on the landing-impact accelerations is shown
in figures 25 and 26. The data in figure 25 are for four operators of
type IT aircraft. Appreciable differences in the impact-acceleration
experience may be noted for the various operators. One operator (curve
for 377 landings), in particular, experienced impact accelerations on the
average about 0.lg lower than the other operators. The data in figure 26
are for three operators of type IV turboprop transports. Two of the oper-
ators have about the same impact-acceleration experience, whereas the
third operator shows a somewhat higher acceleration experience. The
higher accelerations for this operator may not be indicative of extended
operations, however, inasmuch as the data sample is small.

The variation of impact acceleration for types I and II aircraft
with the parameters: (1) forward speed at touchdown in knots and percent
above stall, (2) vertical acceleration immediately prior to touchdown
(type I only), (3) landing gross weight, and (4) the normal-force coeffi-
clent Cy immediately prior to impact (type I only) is presented in
figures 27 to 34. Examlnation of these figures indicates that little or
no correlation exists between impact acceleration and the various
parameters,

Forward Speeds at Touchdown

The forward speeds at touchdown for types I and IT turbojet trans-
ports are presented in figure 35 as the probability of equaling or
exceeding a given speed in percent above stall speed. The percent above
stall speed was computed on the assumption that the vertical acceleration
immediately prior to impact was 1.0g. (That this assumption is satisfac-
tory may be seen in fig. 36, where the airspeed in percent above stall
computed on this basis agrees closely with that computed by including
the vertical acceleration in the determination of stall speed.) The data
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in figure 35 are for three operators of type II aircraft and one operator
of type I aircraft. Based on the VGH data in figure 35, the touchdown
speeds of type II aircraft are in general lower than those for type I
aircraft by about 10 percent of the stall speed. Based on camera measure-
ments the touchdown speeds for type II aircraft were found to be about

5 percent lower than those for type T aircraft. (See fig. 17.) The dif-
ference between the two sets of data may be due to the camera data repre-
senting operations at one airport and in clear weather only, whereas the
VGH data represent operations at many airports and under various weather
conditions.

Effect of Operator and Aircraft Weight on Touchdown Speed

The effect of operator on touchdown speeds of type II turbojet
transports is shown in figure 37 for three operators. One of the oper-
ators (54 landings) was touching down about 5 percent of the stall speed
higher than the other two operators. This operator (34 landings) expe-
rienced about 0.lg lower impact acceleration than the other operator.
(See curves of fig. 25 with corresponding symbols. )

The variation of touchdown speed with aircraft welght for types I
and II turbojet transports is shown in figures 38 and 39. As a matter
of possible interest, lines corresponding to 1.1Vg, 1.2Vg, 1.3Vs, and

1.4Vg are shown in the figures. Although the touchdown speeds show an
overall tendency to increase with weight, there are large variations
in the speeds at any given weight. In general, there appears to be
1little correlation of touchdown speed with weight.

CONCLUDING REMARKS

The analysis of camera and VGH data on landing-contact conditions
has shown that from the overall viewpoint, turbojet transports experienced
vertical velocities about 25 percent higher than those experienced by
plston-engine transports. Vertical velocities for turboprop airplanes
do not appear to be substantially different from the experience of the
piston-engine transports. Large differences in the vertical-velocity
experiences exist between operations of a given type of airplane, thus
indicating that the operator can have an appreciable effect on the landing-
contact experience.

Correlation of vertical velocities for all classes of commercial
transports (plston, turboprop, and turbojet) has shown that vertical
veloclty at landing impact varled in a fairly consistent manner with air-
craft welght, wing loading, distance of the pilot forward of the landing
gear, mean touchdown speed, and the effectiveness of the elevator in
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controlling the flight path. It i1s suspected that a principal factor in
the higher vertical velocities for the turbojet transports is the rela-
tively low effectiveness of the elevator in changing the {light path in
a given interval of time (1/3 to 1/7 of the elevator effectiveness of
turboprop and piston-engine aircraft).
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Figure 35.- Probability of equaling or exceeding a given speed at touch-
down in percent above stall. VGH data; types I and II aircraft.
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Figure 36.- Comparison of stalling speeds computed by assuming a normal
acceleration equal to 1.0g and by using actual measured vertical
accelerations immedistely prior to touchdown. VGH data.
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Figure 37.- Landing speed at touchdown in percent above stall for three
operators of type II aircraft. VGH data.
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ITI. COMPARISON OF LANDING-CONTACT CONDITIONS OF COMMERCIAL
TURBOJET TRANSPORTS FOR DAY AND NIGHT OPERATIONS

By Joseph J. Kolnick

SUMMARY

VGH data on landing-contact conditions of two types of commercial
turbojet transports were analyzed to determine the effect of day and
night operations. The results in general showed that the landing-impact
accelerations and touchdown airspeeds, both in knots and percent above
stall speed, were the same for day and night operations.

INTRODUCTION

Landing-contact conditions of various types of aircraft in routine
operations have, in the past, been determined from photographs of the
landings taken with a special camera. (See refs. 1 to 3, for example.)
Because of the photographic reguirements, these measurements had to be
made under clear-weather, daytime conditions. Some questions have been
raised as to the applicability of the results for design purposes since
they did not include nighttime and instrument-flight conditions. Recently
some information on landing-contact conditions, such as landing-impact
acceleration and touchdown speed, for two types of turbojet transports in
commercial operations was cbtained from VGH recorders installed in these
aircraft. Thus far the data have been sorted into day and night opera-
tions, without regard to weather condition. The purpose of this paper
is to show the effect of day and night operations on landing-impact
accelerations and touchdown speeds.

RESULTS AND DISCUSSION

In sorting the VGH landing data into day and night operations civil
twilight time (sun 6° below the horizon) was used as the dividing time.
For the data sample available, the time for landings was in all cases
sufficiently removed from civil twilight time with the result that the
landings could be definitely classed as day or night landings. ©No dis-
tinction was made in the evaluation as to weather conditions. The records
evaluated were obtained on types I and II commercial turbojet transports.
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The results of the analysis are presented in figures 1 to 3 for
type I aircraft and in figures 4 to 6 for type II aircraft. The data
are presented in the form of the probability of equaling or exceeding
given values of impact acceleration (figs. 1 and 4), airspeed in knots
(figs. 2 and 5), and airspeed in percent above stall speed (figs. 3
and 6) for day and night operations.

Comparison of the results in figures 1 to 6 shows that the landing-
contact conditions (impact acceleration and landing-contact airspeed)
are essentially the same for day and night operations of the two turbo-
Jjet transports.

CONCLUDING REMARKS

An analysis of VGH data on landing-contact conditions of two types
of commercial turbojet transports showed that the landing-impact acceler-
ations and touchdown airspeeds were essentially the same for day and
night operations.

REFERENCES

1. Silsby, Norman S.: Statistical Measurements of Contact Conditions
of 478 Transport-Airplane Landings During Routine Daytime Operations.
NACA Rep. 1214, 1955. (Supersedes NACA TN 3194.)

2. Silsby, Norman S., and Livingston, Sadie P.: Statistical Measurements
of Contact Conditions of Commercial Transports Landing on Airports
at an Altitude of 5,300 Feet and at Sea Level. NASA TN D-147, 1959.

5. Stickle, Joseph W.: An Investigation of Landing-Contact Conditions
for Two Large Turbojet Transports and a Turboprop Transport During
Routine Daylight Operations. NASA TN D-899, 1961.
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IV. INFORMATION ON MAXIMUM SPEEDS EXPERIENCED
BY TURBINE-POWERED TRANSPORTS

By Paul A. Hunter

SUMMARY

Data obtained with NASA VGH recorders installed on three types of
turboprop transports and three types of turbojet transports have been
analyzed to determine the relation of the maximum operational speeds to
the placard normal-operating and never-exceed speeds. Information is
presented on the frequency of exceeding the placard speeds, the magni-
tudes by which the placards are exceeded, and the flight conditions
associated with the exceedances.

INTRODUCTION

Analysis of some of the initial VGH records collected on three types
of turboprop transports and one type of turbojet transports (ref. 1)
showed that the operational placard speeds were being exceeded signifi-
cantly more frequently than had been experienced in operations of piston-
englne transports. These overspeeds were cause for concern inasmuch as
the concepts under which the airplanes were designed did not envisage
frequent operations at speeds in excess of the operational placards.
In view of this situation, considerable attention was given to the over-
speed problem during 1960 and 1961. The prevalence of overspeeding was
discussed by NASA personnel with most of the operators of turbine trans-
ports and also was discussed among various segments of the aviation
industry at the Federal Aviation Agency's Airworthiness Conference held
in Washington, D.C., March 1960. These discussions have culminated in
revisions (see FAA Regulation No. SR-450) to the Civil Air Regulations
pertaining to operational speed placards and overspeed warning devices.

Since the reporting of the initial overspeed data in reference 1,
additional data concerning the overspeeds have been obtained from VGH
records. These data cover operations for two 3-month periods: July to
September 1960, and December 1960 to February 1961. The data represent
operations of two additional airplane types and several additional oper-
ators. Inasmuch as the results for the two 3-month periods were very
similar, the two sets of data have been combined and are presented in
this paper.
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SYMBOLS
My placard never-exceed Mach number (ref. 2)
Myo placard normal-operating limit Mach number (ref. 2)
VNE placard never-exceed speed, knots (ref. 2)
Vo placard normal-operating limit speed, knots (ref. 2)

EVALUATION OF RECORDS

The results presented on the maximum speeds were evaluated according
to the procedures given in reference 1. Briefly, these procedures con-
sisted in dividing each flight into three segments designated as the
climb, cruise, and descent flight conditions as illustrated in figure 1.
(In this figure increasing altitude is shown by a downward deflection
of the altitude trace, increasing airspeed by an upward deflection, and
positive acceleration by downward deflection.) The climb covered the
portion of flight from the take-off until the initial cruising altitude
was reached; the cruise segment covered the essentially constant-altitude
portion of the flight; and the descent covered the portion of flight from
the end of cruise until the airplane landed. Both the climb and descent
flight conditions occasionally included short periods when thé airplane
was in level flight while holding altitude as a result of operational or
alr-traffic control procedures. Also the cruise condition occasionally
included periods when the airplane was climbing or descending to a dif-
ferent cruise altitude.

The VGH records covering each segment of each flight were examined
to determine if the airplane exceeded the placards, Vyg or Myp. The

maximum speed and the altitude associated with each exceedance of the
placard speed during the climb, cruise, and descent flight conditions
were evaluated. By this procedure, each individual exceedance was
counted as an event. Thus, each segment of a flight may have had no
exceedances, one exceedance, or several exceedances. In addition, the
time duration of each exceedance was determined by reading the length of
time that the alrspeed was in excess of the Placard speed. The data
obtained in the foregoing manner were used to determine the average num-
ber of flights required to exceed the placard speeds, and the average
percent of the total flight time that the airplanes were operated at
speeds in excess of the placard speeds.
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RESULTS AND DISCUSSION

The maximum airspeed and the corresponding altitude for each exceed-
ance of Vyo during the climb, cruise, and descent portions of flights

are shown in figures 2 to 6 for each of the operations covered by the
present analysis. The sizes of the record samples from which the over-
speed data were evaluated are noted in each figure in terms of the flight
hours and number of flights. Figures 2 to 4 pertain to operations of
three types of turbojets, whereas figures 5 and 6 pertain to two types

of turboprop transports. For comparison of the present results with those
given in reference 1, it should be noted that airplane types designated
I, IV, and V herein correspond to airplanes designated X, Y, and Z,
respectively, in the reference. No additional data for airplane type VI
(designated W in ref. 1) have become available since those reported in
the reference and, consequently, no results for this type aircraft are
given in this report.

Consideration of figures 2 to 6 shows that, in general, the air-
planes exceeded the placard speeds most frequently and attained the
highest values during the descent flight condition. The placards were
exceeded least frequently during the cruise. For the three turbojet air-
planes (figs. 2 to 4) the placard speed exceedances were confined almost
entirely to the lower altitudes wherein the placard speeds are limited
by dynamic-pressure considerations rather than at high altitudes where
the placards are limited by compressibility or Mach number.

The results shown in figures 5 and 6 for the two turboprop airplanes
indicate that overspeeds occurred in all three flight conditions in the
case of airplane IV, but only during descent for airplane V. Overspeeds
for airplane IV (fig. 5) were experienced in both the altitude regime
limited by Mach number and that limited by dynamic pressure. In regard
to the results for airplane IV, however, it should be mentioned that the
present results were obtalned during a period when the airplane was
operating under restricted placard speeds. (For the unrestricted placard
speeds, see those given for airplane Y in ref. 1.) The present data for
airplane IV, therefore, are not thought to be applicable to the unrestrictec
airplane. For airplane V, the results in figure 6 indicate that overspeeds
occurred only during descent and within the altitude range limited by
dynamic pressure. For this operation however, all the flights were con-
ducted below the altitude where the placard speeds are limited by Mach
number, and consequently, the present data for airplane V should not be
used to infer that overspeeds would not occur within the altitude range
limited by Mach number.

The overspeed data reported in reference 1 show that overspeeds
occurred throughout the operating altitude range for turboprop airplane
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types Y and W (airplane Y is airplane IV of this paper). On the basis of
the present results and those of reference 1, it appears that the over-
speeds on turbojet airplanes occur primarily within the altitudes where
the placard speeds are limited by dynamic-pressure considerations, whereas
the overspeeds on the turboprops may occur throughout the operating alti-
tude range.

The overspeed data for each operation are summarized in table I in
terms of the average number of flights required to exceed Vyg and Vyg

and in terms of the percent of total flight time spent above the placard
speeds. Excluding the results for airplane IV (which were taken while
the airplane operated under restricted or reduced placards) the results
in table I show that the number of flights required to exceed Vo

@n‘ MNd) ranged from about 1.5 to 57, and that the percent of the total
flight time spent above Vyp ranged from 0.005 to 0.66. Likewise, the
average number of flights to exceed VNE (or MNE) ranged from 37 to 97
for the several operations for which exceedances of Vyg Were recorded

on the VGH records. The percent of time flown above the never-exceed
placard was quite small, varying from O to 0.02 percent.

For the four airplanes reported in reference 1, the average number
of flights to exceed Vyo ranged from about 1 to 7 and the percent of

time spent above Vo Tranged from about 0.1 to 2.0 percent. Comparison

of these results with those in table I for present operations indicates
that there has been no overall improvement in the overspeed problem since
the period (1959 primarily) covered by the initial results given in ref-
erence 1. As was noted in reference 1, the frequency of exceeding the
placard speeds (both Vyo and VNE)’ in general, is significantly higher

for the turbine airplanes than for past operations with piston-engine
airplanes.

CONCLUDING REMARKS

Analysis of VGH records collected on three types of turbojet and
two types of turboprop commercial transport airplanes between July 1960
and February 1961 indicates that the maximum speeds attained by the
transports frequently exceed the placard normal-operating limit speed
and, to a lesser extent, the placard never-exceed speed. From the over-
all viewpoint, the amount of overspeeding does not appear to have
decreased between the time (1959) covered by the initial overspeed
results and the period covered by the present results.
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TABLE I.- SUMMARY OF DATA ON PLACARD SPEED EXCEEDANCES
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Airplane

designation
(type-series)

Operator

Average number
of flights
to exceed Vo

Percent of
time flown
above Vo

Average number
of flights
to exceed Vyg

Percent of
time flown
above Vg

II-B

II-A; II-B

II-C
IT-C
IIT-A
IV-A
Iv-A
V-A

GCaarpHHEHBHQOQAEHH

DOW OVO = 1 ] 1=
>N N X R PR AV RN

=
HIWUIW\OT - oD

-
N
]

0.35
.33
.19
.28
.05
.12
.02
.005
.66

3.5
.82

.13

38.3
97
T2

57
11.7
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generally considered to be of no significance. The oscillations on the
new class of aircraft, the turbine-powered aircraft, may therefore be
considered a new experience that requires evaluation. The purpose of
this paper is to describe the characteristics of these oscillations
(period, amplitude, percent of flight time they occur, ete.) and to indi-
cate some of the causes where they are known.

SYMBOLS
an increment of normal acceleration, g units
8n ,max maximum increment of normal acceleration, g unilts
g unit of acceleration, 32.2 ft/sec?
h altitude, ft
M Mach number
P period, sec
v indicated airspeed, knots

SAMPLE RECORDS OF OSCILLATIONS

In order to provide a basis for comparison in the description of
oscillatory records, figure 1 is presented as a sample of portions of a
flight on which no oscillations occurred. Shown are the take-off and
climb (fig. 1(a)), cruise (fig. 1(b)), and descent and landing (fig. 1(c)).
Increasing altitude is indicated by a downward deflection of the altitude
trace; increasing indicated airspeed, by an upward deflection of the alr-
speed trace; and increasing normal acceleration at the center of gravity,
by a downward deflection of the acceleration trace from the 1.0g level.
The record of figure 1 shows two traces for the airspeed and two for the
altitude during take-off and landing. Each trace covers a different
range of airspeed or altitude. When one trace of a given pressure ele-
ment goes off scale another comes on. The record also shows two reference
lines from which the traces are read. Timer marks are shown along the
bottom of the record as vertical dashed lines, the time interval between
two successive vertical dashed lines being 1 minute. The time in minutes
from take-off is indicated along the bottom of the record.

A few sample records of oscillations for various types of turbine-
powered aircraft are shown in flgures 2 to 7. The various samples for a
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V. SOME OSCILLATORY CHARACTERISTICS OBSERVED ON TURBINE-POWERED
ATRCRAFT DURING CCMMERCIAL OPERATIONS

By Milton D. McLaughlin

SUMMARY

Oscillatory motions as observed on VGH records from three types of
turbojet and three types of turboprop transports in commercial operation
are described and analyzed. Two types of oscillations were generally
observed. One was a continuous type which was evident primarily as an
oscillation in normal acceleration at the center of gravity and had low
amplitudes (*0.05g to #0.2g from 1.0g level) and long periods (generally
6 to 20 seconds). The other was a divergent or convergent type in which
oscillations in accelerations reached values as high as 0.9g and -0.8g
from the 1.0g level. The continuous type persisted from a few minutes
to several hours whereas the duration of the divergent or convergent type
was usually of the order of 1 minute. The altitude and speed deviations
corresponding to the continuous type of oscillations were rather small.
For the divergent or convergent type, however, the overall variations in
altitude were as much as 1,000 feet and in indicated Mach number and air-
speed as much as 0.08 and 30 knots, respectively. The percent of flight
time that the two types of oscillations occurred ranged from as low as
0.2 percent for one type of aircraft to as high as 13.5 percent for
another type (each type having from one to seven aircraft).

INTRODUCTION

When the current VGH program on turbine-powered transports was
initiated a number of years ago oscillatory motions in the longitudinal
mode were observed to occur rather frequently on one type of turboprop
transport. These oscillations were noted primarily in the oscillations
of the normal (or vertical) acceleration trace of the VGH recorder and
to a lesser extent in the less sensitive pressure-altitude trace. On
occasilons these oscillations were also reflected in the airspeed trace.
As more aircraft were instrumented in the program, oscillatory motions
were observed on other types of turboprop alrcraft and on turbojet air-
craft. These oscillations were unusual in the sense that in some cases
the amplitudes in acceleration built up to about *0.9g (from the 1.0g
level) in a few cycles and in other cases the oscillations frequently per-
sisted at lower amplitudes for periods up to several hours. In previous
VGH programs conducted on piston-engine aircraft, oscillations were noted
only rarely and even then were of such low amplitude that they were
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given aircraft type do not necessarily represent the same aircraft. All
of the samples shown are for passenger-carrying flights only. Oscilla-
tions have been observed to occur during climb, cruise, and descent,
although the majority of the cases were in the cruise portion of flight.
The oscillations also occurred with autopilot on and off. Except for
the cases where the aircraft were known to be operating either without
an autopilot installed or with the autopilot unoperative, information

on whether the autopilot was engaged or disengaged was not generally
available and had to be surmised from the character of the altitude
trace. Experience of NASA pilots in flying transport aircraft indicated
that altitude excursions in manual control were many times those with
the autopilot engaged. This was also indicated in the examination of
VGH records for aircraft with and without autopilots. Hence it was
assumed that when the altitude trace was a straight line, except for
small deviations due to oscillations, the aircraft was on autopilot in
the altitude-hold mode.

Type I Aircraft

The records of figure 2 show several samples of essentially constant-
frequency and constant-amplitude oscillations. (See figs. 2(a) to 2(d).)
The periods range from about 8 to 20 seconds and the amplitudes from
about #0.05g to *0.2g. The wave forms are both symmetric (sinusoidal,
saw tooth) and asymmetric. The time that the oscillations persisted
ranged from a few minutes to several hours. For example, for the flight

represented by figure 2(c) the oscillations continued for about 6% hours

of the 7%—-hour flight.

Examples of divergent and convergent types of oscillations are shown
in figures 2(e) to 2(h). The oscillations generally lasted less than
2 minutes. The amplitudes reached values as high as +0.8g and -0.7¢g
with a period of about 22 seconds. (See fig. 2(g).) During the oscil-
lations shown in figure 2(g) the total variation in the indicated pres-
sure altitude was about 600 feet. Variations in indicated airspeed
during oscillations are evident in both figures 2(f) and 2(g). In fig-
ure 2(f) the indicated Mach number was 0.83 (V = 280 knots) before the
oscillation and varied from 0.79 (V = 265 knots) to 0.87 (V = 295 knots)
during the oscillations. The divergent or convergent oscillations of
figures 2(e) to 2(h) show evidence of originating in light turbulence
(indicated by the high-frequency hash on both the airspeed and altitude
traces).
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Type II Alrcraft

The time histories of figures 3(a) to 3(e) show some samples of
essentially constant-frequency, constant-amplitude acceleration oscilla-
tions for type II aircraft with the autopilot presumably in operation in
the altitude-hold mode. The periods for the various types of oscillations
range from about 11 to 37 seconds and amplitudes from *0.05g to 10.2g.

The wave forms are both of the asymmetric and nearly symmetric types. The

oscillations persisted from a few minutes to as long as 5% hours (at an

amplitude of about +0.15¢) for one flight of 8-hour duration.

Examples of divergent oscillations for type IT aircraft are shown
in figures 3(f) to 3(h). These oscillations in accelerations reached
values as high as +0.4g and -0.5g. (See fig. 3(h).) The overall changes
in the indicated pressure altitude resulting from the divergent oscilla-
tions amounted to as much as 970 feet at an altitude of 9,700 feet
(fig. 3(f)) and 925 feet at an altitude of 25,000 feet (fig. 3(g)). The
indicated airspeed (and Mach number) varied from 333 knots (M = 0.59) to
361 knots (M = 0.64) for the divergent oscillation of figure 3(f) and
from 335 knots (M = 0.80) to 352 knots (M = 0.83) for figure 3(g).

Type III Aircraft

Examples of oscillatory accelerations on type III aircraft are shown
in figure 4. For the records shown, the aircraft were not equipped with
autopilots. In general, the oscillations are irregular in wave form and
variable in frequency and amplitudes. The amplitudes range from about
+0.1g (figs. 4(b) and 4(c)) to +0.lg and -0.3g (fig. h(£)).

Type IV Aircraft

Samples of oscillatory accelerations for type IV aircraft are shown
in figure 5. The samples of figures 5(a) and 5(b), for which the auto-
pilot was known to be inoperative, show random ampllitude accelerations
having periods ranging from 5 to 9 seconds. The oscillations in some
portions of the record shown in figure 5(b) are superimposed on maneuver
accelerations (turns). Occasionally the amplitude reached values of
+0.5g. In figure 5(c) the osclllations were more regular in patches and
had a period of about 9 seconds with one patch having acceleration ampli-
tudes as high as *0.5g. In this case it appears that the autopilot may
have been in operation for the short time corresponding to the patches.
A convergent type of oscillation is shown in figure 5(d) in which accel-
erations of 0.9g and -0.8g were reached. The overall altitude variation
was about 350 feet.
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(c) Electric power amplification

(d) Friction

(e) Gain - low damping on high gain

(f) servo clutches - hanging

(g) Limited control power available at high speeds

In regard to the control system, the principal causes given were:

(a) high friction in bearing, linkages, boost valves, and so forth, and
(b) excessive wear Or play in linkages or bearings. Another contributing
factor that has been mentioned is the dynamic stability characteristics

of the turbine-powered aircraft. These newer aircraft are flylng faster
and higher which, with the attendant reduction in damping, may be expected
to make them more sensitive to oscillations induced by the autopilot and
control system.

In examining the histories of oscillations from each VGH record
received it was observed that for a number of aircraft the percent of
flight time that the oscillations occurred varied over a long period
(several months) - staying high for a period, dropping off to a low value,
and then increasing again after several months. This variation is
believed to be associated with periodic maintenance of the autopilot and
control system. In one case where an airline was contacted when the fre-
quency of occurrence of the oscillations dropped off markedly, it was
found that during the maintenance performed at this time a control link
with excessive wear in the bearing was replaced. The variation in the
percent of flight time that oscillation occurred on this alrplane is
shown in figure 8. The width of the bars in the figure represents the
time period covered by each VGH record. The large variation in the occur-
rence of oscillations is clearly evident in the figure.

While maintenance in general may be expected to reduce the occurrence
of oscillations, one operator indicated that the occurrence of oscilla-
tions actually increased following maintenance.

STATISTICS OF OSCILLATIONS

Analysis of the flight conditions at which oscillations were observed
indicated that in general there was no relation between Mach number, air-
speed, and altitude and the occurrence of the oscillations. Oscillations
occurred in climb, cruise, and descent. They occurred with adtopilot
engaged and for some aircraft with the autopilot inoperative.
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Type V Aircraft

Samples of acceleration oscillations of essentially constant ampli-
tudes but variable frequency are shown in figures 6(a) and 6(b) for
type V aircraft. The period of the oscillations varies from about 3 to
6 seconds in figure 6(a) and from about 8 to 16 seconds in figure 6(b).
An interesting oscillation in airspeed and acceleration is shown in fig-
ure 6(c). In this case the airspeed varied about 20 knots over a period
of about 85 seconds. The oscillation in acceleration increased in fre-
quency and amplitude as the speed increased and decreased in frequency and
amplitude as the speed decreased. During the period of the oscillation
in airspeed, the altitude varied by as much as 120 feet. An example of
a divergent-convergent type of acceleration oscillation in turbulence is
shown in figure 6(d). The amplitude reached a value of *0.5g. The over-
all change in altitude amounted to about 300 feet.

Type VI Aircraft

Sample oscillatory records for type VI aircraft are shown in fig-
ure 7. 1In figure T(a) patches of oscillatory accelerations are shown
having two different periods, 3 and 7 seconds, and amplitudes up to
$0.15¢. Constant-amplitude oscillations of *0.15¢ and a period of 9 sec-
onds are shown in figure 7(b) and oscillations occurring in light turbu-
lence and having amplitudes up to *0.25g and a period of about T seconds
are shown in figure 7(c). A divergent oscillation having an amplitude
of +0.4g and -0.2g and a period of about 14 seconds followed by a low-
amplitude, small-period (3 seconds) oscillation is shown in figure T(d).
Also shown in this figure are other patches of constant-amplitude oscil-
lations having periods of 8 and 16 seconds.

SOURCES OF OSCILLATIONS

In discussions held with various airline operators and manufacturers
concerning the oscillations a number of causes originating in either the
autopllot or the control system or both were given. Some of the sources
of autopilot-induced oscillations included:

(a) Air-data computer - difficulties with electrical amplifiers,
shaping networks, and so forth

(b) Air-data and attitude sensors - lag in tubing from pressure
sensors, mismatched accelerometers, malfunction of attitude

gyros
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The percent of flight time that the oscillations occurred for various
types of aircraft is shown in table I. In this table the number of oper-
ators and the number of aircraft of a given type are indicated. The per-
cent of flight time that the oscillations occurred is shown as range
(lowest to the highest) for the various aircraft of a given type and as
an average for all aircraft of a given type considered collectively. The
average percent of flight time that the oscillations occurred for various
types of aircraft ranged from about 0.2 to 13.5 percent. Individual air-
craft of a given type showed a much greater spread. Type I aircraft, for
example, ranged from 0.3 to 26.3 percent and type II, from 2.3 to
21.4 percent.

The distribution of the percent of flight time that oscillations
occurred on 17 aircraft (types I, II, III, and V) is shown in figure 9.
Of the 17 aircraft 10 oscillated between O and 5 percent of the time,
5 between 5 and 10 percent, 1 between 15 and 20 percent, 2 between 20
and 25, and 1 between 25 and 30 percent.

The percent of flight time that various values of normal accelera-
tion at the center of gravity were exceeded during the oscillations is
shown in figure 10. The curves for each aircraft type are based on infor-
mation for two or more aircraft. The data of figure 10 do not include the
large divergent-convergent type of oscillations which at times for some
aircraft reached values of about *0.9g. The oscillatory experience for
the several types of aircraft may be seen to be very nearly the same.

The cumulative-frequency distribution of oscillatory accelerations
per mile of flight is shown in figure 11 for five aircraft types. The
range in the number of oscillatory accelerations per mile of flight for
the various aircraft types is less than an order of magnitude.

Some idea of how the oscillatory accelerations compare with the
maneuver and gust accelerations encountered on plston-engine aircraft may
be obtained from figure 12. The oscillatory-acceleration experience for
the various types of turbine aircraft may be seen to be less than the
maneuver- and gust-acceleration experience for piston-engine aircraft.
As pointed out previously, however, the oscillatory experiences of vari-
ous alrcraft of the same type can vary appreciably. The oscillatory-
acceleration experience of 16 turbine aircraft considered individually
was therefore plotted in figure 13 for comparison with the maneuver-
acceleration experience of piston-engine aircraft. Some of the turbine
alrcraft apparently had oscillatory-acceleration experiences bordering
on the maneuver-acceleration experience of piston-engine aircraft.
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CONCLUDING REMARKS

Two types of oscillations were generally observed in the VGH records
taken from three types of turbojet and three types of turboprop transports
in commercial operations. These oscillations were noted both with and
without autopilot. One was a continuous type which was evident primarily
as an oscillation in normsl acceleration at the center of gravity and had
low amplitudes (£0.05g to *0.2g from the 1.0g level) and long perlods
(generally 6 to 20 seconds). The other was a divergent or convergent
type in which oscillations in accelerations reached values as high as
0.9g and -0.8g from the 1.0g level. The continuous type persisted from
a few minutes to several hours whereas the duration of the divergent or
convergent type was usually of the order of 2 minutes or less. The per-
cent of flight time that the oscillations occurred ranged from as low as
0.2 percent for one type of aircraft to as high as 13.5 percent for
another type (the results for each type being based on one to seven air-
craft). Individual aircraft of a given type have also shown a large
spread in the percent of oscillatory experience, ranging for example
from as low as 0.3 percent for one aircraft to as high as 26.3 percent
for another. Some of the aircraft had oscillatory-load experience that
was about the same as the maneuver-load experience for some of the piston-
engine transports.

The altitude and speed deviations corresponding to the continuous
type of oscillation were rather small. For the divergent or convergent
type, however, the overall variations in altitude were as much as 970 feet
and in indicated Mach number and airspeed as much as 0.08 and 30 knots,
respectively.
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TABLE I.- PERCENT OF FLIGHT TIME THAT OSCILLATTONS OCCURRED

Alreraft Number of | Number of Percent of total flight time
designation operators alrcraft Range Average
I 3 6 0.3 to 26.3 3.6
1T i 7 2.3 to 2l.k4 13.5
III 1 2 .7 to 6-5 14"3
v 2 4 1.8 to 2.0 1.9
v 1 2 3.1 to 5.1 b1
VI 1 1 -2 -2
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;x<:f Take Off \\\\\\s<:;j’A“”‘~A1rspeed T
e TT——__yAltitude
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(a) Take-off and climb.

Airspeed

Reference

\Altitude
¥ Normal acceleration

‘ Reference
1 Minute f i ' ‘ ‘ ‘ " Airspeed’
15 20 25
Minutes from take-off

(b) Cruise.

- Altitude
Altitude P Al

Reference

Ianding Impact
Normal acceleration

-

Airspeed
Airspeed
K TTEPRE : : : : ___Reference ===

l . . ‘ e _— ‘ . . 1 ‘ NN
~ ;/i:>¥———f’//(/ 1 Minute | ? ? i i -
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Minutes from take-off

(c) Descent and landing.

Figure 1l.- Sample of VGH record when aircraft not experiencing
oscillations.
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Airspeed

Reference
Altitude

_Normal acceleration

Reference

I J ™ < ‘ ' ‘ |

' ) ' 1 Minute ( ( ' }
40 k5 : 50

Minutes from take-off |

(a) Constant-amplitude oscillation; an = $0.05g; P = 10 seconds;
= 310 knots; M = 0.84%; h = 31,000 feet.

Reference Airspeed

Normal acceleration
[ a W WL W oW LW . Ve W n o,

OV S s e oA P B B R U e Ve U W W . . U, WD S D N
Altitude
Reference > p<
1 Minute
75 80 85

Minutes from take-off

(b) Constant-amplitude oscillation; ap = £0.1g; P = 20 seconds;
= 280 knots (approx.); M = 0.83; h = 35,000 feet.

Airspeed

Reference
Altitude

Normal acceleration T o

Reference

l 1 Minute i int
i"—b ‘N"" " ‘ ‘ ‘ L+oo

Minutes from take-off

c) Constant-amplitude oscillation; = #0.2g; P = 8 seconds;
an 3 H
= 282 knots (approx.); M = 0.833; h = 35,000 feet.

Figure 2.- Samples of osclllations on type I aircraft.
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(d) Constant-amplitude oscillation; P = 9 secondsj h = 41,000 feet.

Altitude
TN — — - .
Reference
Normal acceleratlon t M0 g + .15 ¢g
j“ 4 \’\-v’v\,\/\/\f"/‘,\/w‘/\fa\“\/\/\) SN S AL NS ,';‘,“-N‘" A J\'V’ \ A ﬁv‘/ AN ),-‘,‘/‘ SANSANSA
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A\ M=,86) - L
7 v M
Reference fe , N
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S R N I 15

50 320 knots (M=.75)
Minutes from take-off

(e) Divergent-convergent oscillation; P = 10 seconds; h = 24,000 feet.

(M=,87)
(M=.83)
Airspeed 280 kn%ts 2?5 knots
— — - ~ vW4M,4"'J\O\I N\J‘ .
Reference 265 knots ' 66
. Normal acceleration (M?°??? $'ﬂJ\ 8
Altitude - LA AN
o)'*')+ g
Reference_
1 Minute ‘
240 245
Minutes from take-off

(f) Divergent oscillation; P = 20 seconds (approx.); h = 35,000 * 180 feet
during oscilllation.

Figure 2.- Continued.
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W}w——-—.———-—-\é..’\‘ P"\,”:,VW . _‘_L_‘_ ~n

Normal acceleration R e R

.Qrg
Reference -] e . . . . : N
1 Minute
25 3C -35 Lo
Minutes from take-off

(g) Convergent oscillation; P = 22 seconds (approx.); h = 33,000 = 315 feet
during oscillation.

(M=.84)
Reference 310 knots
Tirevee e~
Airspeed Ny (M=,68) L —
Altitude *._2L5 knots
N s ' e R W
Normal acceleration /
+t.5¢g
R S ‘
.efergnce .1 Minute ; ' ' ' ' . ’
270 275 280

Minutes from take-off

(h) Divergent oscillation; h = 31,000 feet; a, = +0.5g.

Figure 2.- Concluded.
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| Alrspeed

Reference
Altitude

Normal acceleration

Reference
i i 1 Z ﬁ ' 1 Minut
75 80 nate
Minutes from take-off
(a) Constant-amplitude oscillation; &, = *0.05g; P = 20 to 27 seconds;
V = 290 knots; M = 0.84; h = 34,000 feet.

Reference i
Altitude

AL 4t PSS AN D AP SN PN DN AN NP PP PPN NN
Normal acceleration

Reference

Airspeed

110 115 1 Minute 120
Minutes from take-off

*#0.08g; P = 12 seconds;

(b) Constant-amplitude oscillation; a,
25,300 feet.

V = 344 knots; M = 0.82; h

Alrspeed

Reference

Altitude
M_NMMMAAAMW—MAMWM‘

" Normal acceleration

Reference

T e s

t I ] i i I ] ] E
i b 1 55 I v { { 60
Minutes from take=-off

i i

' ‘Minut
1 Minute } 65

(c) Constant-amplitude oscillation; ap ='10.08g; P = 25 to 37 seconds;
V = 320 *+ 1 knots during oscillation; M = 0.83; h = 29,000 feet.

Figure 3.- Samples of osclllations on type II alrcraft.
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Altitude
Reference
Normal acceleration

. Reference

' Airspeed : 4 , ‘ ] |l | |
65 70 1 Minute 75

Minutes from take-off

(d) Constant-amplitude oscillation; anp = 10.2g; P = 15 seconds;
V = 352 knots; M = 0.83; h = 25,000 feet.

Reference 4\‘—_/’Zi;Ah = <400 ft
Altitude — Ah = +350 ft
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5 50 3322 xnots 55 1 Minute
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(e) Comstant-amplitude oscillation; = 10.13g; P = 11 seconds;
an

V = 337 knots; M = 0.84; h = 26,700 feet; (departures from
stated values noted in figure).

Reference
Normal acceleration v :hiNififi~AnnAnAAAAAAnAAAAaIVVVvaVVVVVVVVVVMA

~ Ah = -640 ft S
Kltitude ap = -206 £t/ “—Ah = +330 ft 9,700 ft —

Reference .

(M=.62) 318 kn 361 knots (M = -%M
Alrspeed 39% knols» 20 25 1 Minute

Minutes from take-off
(f) Divergent oscillation; ap = *0.08g to 10.4g; P = 12 seconds.

Figure 3.- Continued.
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(g) Divergent oscillation; ap max = *0.l4g; P = 16 seconds; h = 25,000 feet.
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Reference 363 knots——a<____ﬂ,vﬂ§::iii-ffijj
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Flgur=s 3.- Concluded.
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(a) Irregular oscillation (no autopilot); ap = 30.15g; V = 335 to 338 knots;
M = 0.85 to 0.86; h = 28,400 feet.
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(b) Irregular oscillation (no autopilot); a, = 0.1g;
V = 300 knots (approx.); M = 0.86; h = 33,500 feet.
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—
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o

45 50
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(¢) Irregular oscillation (no autopilot); a, = $0.1g; V = 320 knots
(approx.); M = 0.81; h = 29,000 feet.

Figure 4.- Samples of oscillations on type III aircraft.
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(d) Irregular oscillation (no autopilot); V = 315 knots (approx.);
M =0.85; h = 31,000 feet (approx.).
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(e) Irregular convergent oscillation (no autopilot).
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(1st airspeed trace) Altitude
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(f) Irregular convergent oscillation (no autopilot).

Figure 4.- Concluded.
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Figure 8.- Effect of maintenance during a 1l7-month period on the occur-
rence of in-flight oscillatory accelerations expressed as a percent
of flight time.
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Figure 9.- Distribution of the percent of flight time that oscillations
occur for 17 ailrcraft.
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Figure 11.- Cumulative frequency of occurrence of oscillatory accelerations
for several types of transports.
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Figure 12.- Cumulative frequency of occurrence of oscillatory acceleration
for several types of turbine transports compared with maneuver- and
gust-acceleration experience for piston-engine aircraft.
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Figure 13.- Cumulative frequency of occurrence of oscillatory accelerations
for 16 individual turbine aircraft compared with maneuver accelerations
experienced by piston-engine aircraft.
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VI. SOME INFORMATION ON THE GUST AND MANEUVER LOADS
EXPERIENCED BY TURBINE-POWERED TRANSPORTS

By Paul A. Hunter

SUMMARY

Data on the magnitude and frequency of occurrence of maneuver and
gust accelerations and gust velocities experienced during routine commer-
cial operations of two types of turbojet and three types of turboprop
airplanes are presented.

INTRODUCTION

The VGH records collected on turbine-powered commercial transports
are being used to obtain data on the maneuver and gust loads experienced
during routine operations. 1In the past, such data have proven useful in
providing a basis for assessing the adequacy of the loading spectrum used
in design, in formulating improved structural and alirspeed design require-
ments, and in providing background information for use in design of more
advanced types of airplanes.

The initial VGH sample of loads data was obtained on a four-engine
turboprop airplane and is reported in reference 1. Additional data have
been collected on two other types of turboprop airplanes and on two types
of turbojet airplanes. Although the data samples for some of the opera-
tions are still quite limited, it was thought desirable to publish the
preliminary results at this time. In this report, therefore, the avail-
able data on gust and maneuver loads and gust velocity are summarized.

SYMBOLS
A aspect ratio
an increment of normal acceleration, g units
g acceleration due to gravity, 32.2 ft/sec2
M Mach number

m lift-curve slope, per radian
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me calculated lift-curve slope, per radian

S wing area, sq ft

Uge derived gust velocity, —-EHEE——, ft/sec
KgpoVemS

Ve equivalent airspeed, ft/sec

W alrplane gross weight, 1b

A wing sweep angle, deg

Po air density at sea level, slugs/cu ft

Kg gust factor (ref. 2)

EVALUATION OF RECORDS

The VGH records were evaluated essentially in accordance with the
procedures discussed in reference 3 to obtain the frequency distributions
of: (1) maneuver acceleration experienced during routine operational
passenger-carrying flights and during alrplane-check or pilot-training
flights, (2) gust accelerations, and (3) derived gust velocities.

The gust velocities were computed by using the gust equation given
in reference 2 in conjunction with the simultaneous values of peak accel-
eration, airspeed, and altitude determined from the records. For the
turboprop airplanes, average operating weights were used in computing
the gust velocities; whereas, for the turbojets, weights appropriate to
each particular rough-air encounter were determined from flight logs and
were used in computing the gust velocities. The lift-curve slopes used
in the gust equation are indicated in figure 1 for each airplane type.
The slopes for swept-wing, turbojet airplanes, types I and I1, were com-
puted by the equation:

me = 6A cos A [ A + 2 cos )
A

A+ 2 cosaA\AJi - MPcos2A + 2 cos

which takes into account wing sweep and Mach number effects. The back-
ground for the formule may be found in references 4 and 5. The wing
lift-curve slopes for type IV, a straight-wing turboprop, were obtained
from the manufacturer. Slopes for types V and VI, low-speed, low-altitude,

straight-wing turboprops, were calculated by the equation: mg =ji;%7§'
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SIZE OF DATA SAMPLES

The sizes of the VGH record samples from which the present data were
obtained are shown in table I. As shown in the table, data samples
ranging from about 600 to 1,800 hours were available for airplanes I-A,
IV-A, V-A, and VI-A. The data sample for type VI-A aircraft was taken
from reference 1. Based on past experience, these samples are thought to
be adequate to give a good definition of the acceleration experience.

The sample for type II-B covers only 85 flight hours, however, and the
results for this type of airplane must be considered as having relatively
low statistical reliability.

RESULTS AND DISCUSSION

Operational Maneuver Accelerations

The maneuver accelerations experienced during the operational
passenger-carrying flights are presented in figure 2 in terms of the cumu-
lative frequency of occurrence per mile of flight of given sascceleration
values. For comparison, the upper and lower limits of corresponding
results taken from reference 3 for operations of four-engine piston trans-
ports are also shown in the figure.

Consideration of figure 2 shows that variations on the order of 10
to 1 exist in the frequency of occurrence of given values of acceleration
for the different turbine airplanes. These differences in maneuver-
acceleration experiences are not due solely to differences in airplanes,
but rather reflect to a large extent the demands of the particular oper-
ation, that is, length of flights involved, air-traffic control procedures,
and operational techniques of the various operators involved. In addition,
some of the differences may be ascribed to low statistical reliability.
For example, it may be noted that the more severe maneuver distributions
are associated with the operations having the smaller data samples.

Comparison of the results in figure 2 for the turbine-powered trans-
ports with the results for piston-engine transports indicates that, taken
as a whole, the turbine transports are maneuvered somewhat more frequently
than were the piston-engine transports. Larger data samples than are
currently available, however, will be required to determine the reliabil-
ity of the present indications of an increase in operational maneuvers.
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Check-Flight Maneuver Accelerations

The maneuver accelerations experienced during the airplane-check
and pilot-training flights are presented in figure 3 in terms of the cumu-
lative frequency of occurrence per mile of overall flight of given values
of acceleration. For comparison, the upper and lower limits of corre-
sponding results taken from reference 3 for operations of four-engine
piston transports are also shown in the figure.

Figure 3 indicates that differences as large as 100 to 1 exist among
the frequencies at which the various turbine transports experience a
given value of maneuver acceleration during check flights. As was indi-
cated previously for the operational maneuvers, the differences shown in
figure 3 between the frequency of occurrence of check-flight maneuvers
do not reflect solely differences in airplane types. Rather, the dif-
ferences shown reflect operator requirements in regard to airplane and
pllot check flights and training flights. In this regard, some of the
results shown in figure 3 (particularly those for airplane II) represent
operations within a few months after the airplanes were received by the
operators. Thus, the pilot-training requirements may have been relatively
high during this period and will decrease with continued operational use.
In this case, the results shown in figure 3 would be expected to decrease
as the operational time increased.

Comparison of the present results in figure 3 with those for the
piston-engine airplanes shows that, from the overall viewpoint, the accel-
eration experiences for the check flights tend to be along the upper
boundary of the plston-engine experience. For the turbine operations,
however, the results must in some cases be considered as being prelimi-
nary and the comparisons shown in figure 3 may change appreclably as the
data samples are increased.

Gust Accelerations

The gust-acceleration data are summarized in figure 4 in terms of
the cumulative frequency of occurrence per mile of flight of given values
of acceleration. For comparison, the upper and lower limits of VGH gust
data collected on four-engine piston transports (ref. 3) are also shown
in the figure. The differences between the gust-acceleration frequencies
for the various operations shown are due to factors such as airplane char-
acteristics (wing loading, speed, and lift-curve slopes), differences in
turbulence environment, and type of operation (feeder-line, short haul,
or long haul). Except for airplane V, the acceleration histories shown
in figure 4 for the turbine transports are comparable to previous results
obtained on four-engine piston transports. The relatively high frequency
of occurrence of gust accelerations for airplane V is due primarily to
the fact that this was a feeder-line operation, involving short (25 minutes’
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flights with most of the time spent at low altitude where turbulence is
most prevalent.

Gust Velocities

The cumulative-frequency distributions of derived gust velocities
per mile of flight are given in figure 5 for the five turbine-powered
transports. The upper and lower limits of corresponding results from
reference 5 for four-engine piston transports are also shown in the fig-
ure for comparative purposes. For the various turbine transports, dif-
ferences on the order of 50 to 1 are noted in the frequency of occurrence
of given values of gust velocity. These differences in gust experience
primarily are due to differences in operating altitudes, and hence differ-
ent gust environments, for the several airplanes. For example, the air-
plane with the highest gust experience (airplane V) had the lowest average
operating altitude; whereas the alrplane with the lowest gust experience
(airplane I) nad the highest average operating altitude. In general, the
gust histories for the turbine transports are not significantly different
from those for the four-engine piston airplanes.

CONCLUDING REMARKS

Analysis of VGH records collected on three types of turboprop and
twe types of turbojet transports has provided information on the maneu-
vers experienced during routine operational flights and during airplane
and pilot check flights, the gust accelerations experienced, and the
gust veloclties encountered. From the overall viewpoint, the results
indicate that the turbine transports are maneuvered somewhat more fre-
quently than were four-engine piston transports. In general, the gust-
acceleration and gust-velocity histories for the turbine airplanes do not
appear to be significantly different from the histories recorded on
piston-engine airplanes.
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TABLE I.- SIZES OF VGH DATA SAMPLES EVALUATED FOR

MANEUVER AND GUST ACCELERATIONS

155

Airplane Flight hours of VGH data
designation
(type-series) Operational flights Check flights Total
I-A 1,155 80 1,235
II-B 85 15 100
Iv-A 1,322 35 1,357
V-A 623 20 643
VI-a2 1,838 19 1,857

8Reported in reference 1.
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VII. MISCELLANEOUS EVENTS NOTED IN THE OPERATIONS OF
TURBINE-POWERED COMMERCIAL TRANSPORTS

By Joseph J. Kolnick
SUMMARY

In the current VGH program being conducted on turboprop and turbo-
Jet commercial transports, a number of flight events that were unusual
in regard to normal operations have been noted on passenger-carrying
flights during climb, cruise, or descent. Such events were observed much
less frequently in the past VGH programs conducted on piston-engine com-
mercial transports. Some of these unusual operational events are
described herein.

INTRODUCTION

Since the initiation of the VGH program on turbine-powered trans-
ports, various operational events that appear to be out of the ordinary
in regard to transport operations have been noted on VGH records. Some
concern has been raised regarding these events inasmch as similar exper-
lences were noted much less frequently in the VGH programs previously
conducted on piston-engine aircraft. The purpose of this paper is to
describe briefly a few of the unusual events as evidenced by the indi-
cated airspeed, altitude, and normal acceleration.

EXAMPLES OF MISCELLANEOUS EVENTS

Some examples of miscellaneous or unusual operational events observed
in the VGH records of commercial operations of turboprop and turbojet air-
craft are presented in figures 1 to 7. All of these events occurred on
pbassenger-carrying flights either in climb, cruise, or descent. Except
for a few cases, no information is available concerning the occurrence
of these events.

In regard to the frequency of occurrence of unusual events of the
types presented in this paper, at least 40 such events were noted in
about 10,000 flight hours. If divergent oscillations are also considered,
at least 59 other occurrences were noted during the 10,000 flying hours
where accelerations from *0.l4g to about *0.9g were experienced.
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In figure 1(a) an abrupt maneuver during climb is shown. The air-
craft experienced an increment of 0.5g in acceleration as it climbed
from a pressure altitude of 4,800 feet to 6,800 feet. At this time a
push-over of -0.6g increment initiated a 15° descent to approximately
5,200 feet. Again, a positive incremental acceleration of 0.6g estab-
lished the aircraft in a climb. This flight situation may have resulted
from a collision-avoidance maneuver, although no information 1is available
concerning this incident.

Another abrupt maneuver during climb is shown in figure l(b). After
an apparent attempt to level off following a climb to a pressure alti-
tude of 2,700 feet, the airspeed began a rather rapid increase from about
175 knots to 285 knots in about one-half minute. An analysis of the
data indicates that during part of this time the airplane had been in a
turn. The aircraft was then pulled up into a climb of about 7,000 feet
per minute or 15°. During this portion of the climb the airspeed dropped
to 218 knots and the aircraft leveled off at an altitude of about
6,000 feet for about a minute. Following this event the alrcraft con-
tinued on with a normal climb.

In figure 2 a large positive acceleration 1s indicated shortly after
take-off, possibly as a result of a collision-avoidance maneuver. The
peak value of acceleration was 2.7g or a positive increment of 1.7g. No
information was available concerning this particular unusual occurrence.

In figure 3 a large loss in altitude soon after take-off is shown.
Following take-off, the alrplane climbed normally to a pressure altitude
of 1,500 feet. At this point, the acceleration trace showed a positive
increase as the aircraft entered a turn. During the turn, the altitude
dropped back to about 600 feet above the ground as the airspeed continued
to increase. From integrations of the acceleration trace, 1t appears
that the aircraft turned approximately 180° with an angle of bank in
excess of 45°. After this event the airplane was put into a steep climb
and subsequently continued a normal climbout to cruise altitude.

Figure 4 shows an extremely low airspeed during cruise flight.
Information obtained from the operator indicated that the pilot of the
airplane reported experiencing moderate turbulence during the flight.

The record shows the aircraft slowing to 100 knots as it descended from
a pressure altitude of 29,000 feet to 23,000 feet. Possibly, this occur-
rence was an overshoot on a slowdown maneuver. The stall speed was esti-
mated to be 98 knots for the particular flight condition and weight.

Figure 5 shows an aircraft entering the buffet boundary during
cruise flight. On the basis of information available from the operator
this airplane was at too high an altitude for its weight. A study of
the airspeed trace indicated a slow gain of indicated airspeed until a
Mach number of 0.85 was reached, at which time positive acceleration
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of 1.7g was experienced. In response to this acceleration the aircraft
climbed 1,300 feet and the indicated airspeed decreased by about 45 knots
as a result of the climb and perhaps some reduction in power. A number
of instances similar to that shown in the figure have been recorded.

Figure 6 illustrates a flight in which normal accelerations up to
4.4kg were experienced. On the basis of information obtained from the
operator, the aircraft descended to a pressure altitude of 15,000 feet
where it was to hold awaiting clearance to land. In making a turn to
avoid one thunderstorm in the area the aircraft ran unexpectedly into
another. The aircraft dropped on cne wing and went into a spiral dive
from which 1t recovered at a pressure altitude of 6,400 feet. In the
dive the aircraft descended at a rate of about 20,000 feet per minute,
and the indicated airspeed increased from about 225 knots to 405 knots.
In the subsequent pull-out the normal acceleration at the center of
gravity reached a peak value of 4.4g. Calculations indicated that, for
the particular aircraft weight, the load factor of U.hg was slightly
under yield. Several inspections of the aircraft indicated no damage.

In figure 7 a landing approach is shown in which oscillation accel-
erations of *0.ug (from 1.0g level) were experienced. During the approach
the aircraft came down to a height of about 18C feet above the ground and
then executed a go-around. In the second approach the oscillatory accel-
erations were still present but were of a smaller magnitude. Oscillatory
accelerations during landing are unusual and it is suspected that the
pilot may have aborted on the first approach because of them.

Oscillatory motions described in paper V by Milton D. McLaughlin
may also be classified as unusual events inasmuch as they generally were
not evident on piston-engine transports. In some of the divergent or
convergent types of oscillations, normal accelerations as high as *0.9g
(from 1.0g level) were experienced.

CONCLUDING REMARKS

In the current VGH program being conducted on turbine-powered air-
craft a number of events that are of an unusual character in regard to
normal operations have been noted. Such events have been noted much
less frequently in VGH programs conducted in the past on piston-engine
transports. It appears that the occurrence of these events in opera-
tions of current turbine-powered transports reflects the greater com-
plexity of these aircraft, their higher speeds, and the greater density
of air traffic.
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Figure l.- Abrupt maneuvers during climb.
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Figure 1.- Concluded.
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RESUME

In this series of papers some operational experlences of turbine-
powered transports (turbojet and turboprop) are described. These exper-
jences include the areas of landing-contact conditions, operating speed
practices, aircraft oscillations, gust and maneuver accelerations, and
miscellaneous events. The results are based on observations from VGH
recorders and in the case of landing-contact conditions are supplemented
by ground camera measurements.

Landing-Contact Conditions

In regard to landing-contact conditions appreciable differences in
vertical veloclty and acceleration at landing impact were experienced by
some of the operators. The differences in vertical velocities between
some operators were found to be as large as the differences between turbo-
jet and piston-engine aircraft. While turbojet transports on the whole
experienced vertical velocitles about 25 percent higher than those exper-
jenced by piston-engine transports, one operator of turbojet transports
experienced vertical velocities only slightly higher than those for the
piston-engine transports, whereas another experienced vertical velocitles
significantly higher.

Correlation of vertical velocities for all classes of commercilal
transports (piston, turboprop, turbojet) has shown that vertical velocity
at impact varied in a fairly consistent manner with aircraft weight,
wing loading, distance of pilot forward of the landing gear, mean touch-
down speed, and the effectiveness of the elevator in controlling the
flight path. It is suspected that a principal factor in the higher ver-
tical velocities for the turbojet transports is the relatively low effec-
tiveness of the elevator in changing the flight path (1/5 to 1/7 of the
elevator effectiveness of turboprop and piston-engine aircraft).

Analysis of VGH data has indicated no appreciable differences in
the statistics for the landing-impact accelerations and the touchdown
alrspeeds for day and night operatlons. (In this analysis the data were
not sorted according to weather conditions.)

Operating Speeds

In the original evaluation of VGH data on turbine-powered transports
for the perlod prior to January 1960, it was found that the maximum speed
attained by the transports frequently exceeded the placard normal-
operating limit speed and, to a lesser extent, the placard never-exceed
speed. For the recent evaluation covering a pericd from July 1960 to
February 1961, the amount of overspeeding dces not appear to have decrease
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Aircraft Oscillation

Two types of oscillations were generally observed in the VGH records
taken from turbine-powered aircraft. These oscillations were noted both
with and without autopilot. One was a continuous type which was evident
primarily as an oscillation in normal acceleration at the center of grav-
ity and had low amplitudes (#0.05g to *0.2g from 1.0g level) and periods
generally 6 to 20 seconds. The other was a divergent or convergent type
in which oscillations in acceleration reached values as high as 0.9g and
-0.8g from the 1.0g level. The continuous type persisted from a few
minutes to several hours, whereas the duration of the divergent or con-
vergent type was usually of the order of 1 minute. The percent of flight
time that the oscillations occurred ranged from as low as 0.2 percent for
one type of aircraft to as high as 13.5 percent for another type (each
type having from one to seven aircraft). The altitude and speed devia-
tions corresponding to the continuocus type of oscillation were rather
small. For the divergent or convergent type, however, the overall vari-
ations in altitude were as much as 970 feet and in indicated Mach number
and airspeed as much as 0.08 and 30 knots.

Gust and Maneuver Accelerations

Analysis of VGH records collected on the turbine-powered aircraft
has provided information on the maneuvers experienced during routine
operational and check flights, on gust accelerations experienced, and on
gust velocities encountered. From the overall viewpoint, the results
indicate that the turbine transports are maneuvered somewhat more fre-
quently than were four-engine piston transports. In general, the gust-
acceleration and gust-velocity histories for turbine airplanes do not
appear to be significantly different from histories recorded on piston-
engine airplanes.

Miscellaneous Events

A number of events have been observed on VGH records which are
unusual with respect to normal operations and which were not observed
as often on piston-engine aircraft in past VGH programs. These events
occurred in the terminal areas and in cruise and appear to reflect
increased speeds, aircraft complexity, and traffic density.

Langley Research Center,
National Aeronautics and Space Administration,
Langley Station, Hampton, Va., June 19, 1962.

NASA-Langley, 1962 L-19U3






